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Media designed to yield more specific and more sensitive results than Sabouraud agar in the isolation of systemically infective fungi have been described (Kurung, 1942;  Thompson, 1945; Littman, et al., 1949; Littman, 1955) . In this report experiments are described which compare the qualitative and quantitative efficacy of various media employed for initial isolation of certain fungi.
other sputum samples became available, they were added either to a stock or used as obtained.
One or two yeast-phase strains of each of the following fungi were used: Candida albicans, Cryptococcus neoformans, Histoplasma capsulatum, Blastomyces dermatitidis, Sporotrichum schenkii and Geotrichum candidurm. All but the latter two species were maintained on (citrated human)
blood agar slants incubated at 37 C and trans- Figure 1 . Candida albicans on Sabouraud agar (left) and antibiotic blood agar (right); one loopful (0.003-0.004 ml) of inoculum containing 103, 104, 105 or 106 population units/ml streaked over quartered plate; incubation for 4 days at either room temperature or 37 C.
MATERIALS AND METHODS
Sputum specimens, free of yeast and mycelial organisms as determined by direct examination and by culture, were pooled and stored in the refrigerator. Such sputum, inoculated with the fungi studied, served as the source of comparison of isolation efficiency in the media employed. As I Work reported in this paper was carried out under research grants from the United States Department of the Navy, Office of Naval Research. ferred weekly. The strains of S. schenkii and G. candidum were stored on Sabouraud medium at room temperature. Subcultures on blood agar were incubated at 37 C and transferred weekly. Subcultures on blood agar incubated at 37 C for 2 to 4 days were harvested in heavy suspension into brain-heart infusion broth (Difco). This suspension was aseptically strained through a glass wool pad and then counted. Counts of diluted aliquots were made in hemocytometers. Indi-MARCUS, NIELSON, AND RAMBO At least 500 population units in an area of at least 0.04 mm3 were counted to estimate the microbial population used for each experiment. Dilutions designed to contain 103, 104, 105 and 106 population units per ml in saline or sputum were prepared from the stock tube. A fresh pipette was employed to make each dilution.
Dilutions of organisms, either in broth or in sputum, were streaked in duplicate on plates divided into thirds or quarters. A 3-to 4-mm loop, prepared from 26-gauge nichrome wire, was employed for inoculation. It was found by direct measurement (weight of water) that the inoculum volume was of the order 0.003 to 0.004 ml.
Media employed were Sabouraud dextrose agar (Difco), nutrient agar to which was added outdated bank blood to yield a final concentration of about 7 per cent, and this same blood agar to which was added potassium penicillin G (50 units per ml), streptomycin sulfate (50 ,ug per ml) and polymyxin B sulfate (Aerosporin) (50 units per ml). The Sabouraud agar was incubated at room temperature, the blood agar at 37 C. In some cases, additional Sabouraud agar plates were incubated at 37 C and blood plates at room temperature. Plates were observed for 1 week after inoculation at which time final readings were made. The plates were also observed for initial appearance of recognizable colonies.
RESULTS
The comparative sensitivity of the three media employed (Sabouraud nutrient blood agar and nutrient blood agar containing antibiotics) was estimated by determining the lowest concentration of each broth suspension which yielded grossly visible colonies within a one week period. In 3 of these experiments, plates were incubated at 37 C as well as at room temperature. One of the 3 samples incubated at 37 C yielded positive results bringing the total of positives to 3 in the 15 tries. In no case was it a simple matter to interpret the Sabouraud plate because of the growth of upper respiiatory flora, and in 5 cases the room temperature plate was considered hopeless of interpretation because of total overgrowth by these organisms. Since the same picture was noted with nutrient blood agar, this latter medium was abandoned after six experiments. The question marks in table 2 refer to an isolated colony or two on these plates that might have been H. capsulatum but could not be identified. The overgrowing organisms not only were typical upper respiratory flora, i. e., Streptococcus viridans, non-hemolytic staphylococei, Friedlander's bacilli, diphtheroids, and the more rare potential pathogens, but also included enterobacteriaceal organisms. Among the latter, proteus and pseudomonad strains were the most troublesome.
Bv contrast the results with the antibiotic blood agar were clear cut. These plates were easy to pick colonies from and usually showed only the mycotic organisms. Figure 2 is a photograph of incubation results after 7 days with H. capsulatum in sputum. The sputum samples, in this case containing 104, 105 and 106 H. capsulatum units per ml, were inoculated onto the different media. Overgrowth of contaminant flora on the Sabouraud and nutrient blood agar is apparent. The clear-cut isolation on the antibiotic containing media is also evident.
Antibiotic blood agar was superior to Sabouraud agar in the detection of B. dermatitidis. Results were positive in 6 tries on the antibiotic containing medium, but in only 4 of the 6 tries on Sabouraud agar. In 2 cases (experiments 3 and 5) the antibiotic medium more sensitively detected B. dermatitidis.
C. neoformans was also detected more readily on antibiotic than on Sabouraud medium. No significant differences in sensitivity were noted, A number of experiments were carried out in which 0.5 ml of sputum were spread over the comparative media. Under these circumstances, the antibiotic medium proved able to hold the growth of other organisms to so small a number that yeast organisms were ieadily identifiable.
DISCUSSION
Despite the artificiality of the specimens employed, certain of these results seem significant to bacteriological analysis for systemic mYcotic pathogens. It seems apparent that the laboratory must employ blood agar to obtain optimal results. Since blood agar inoculated with sputum and incubated at 37 C is invariably overgrown by upper respiratory tract organisms, the addition to the blood agar of antibiotics which will suppress the bacterial flora is indicated. The use of cycloheximide (Phillips and Hanel, 1950 ) is indicated where fungous contaminants are as significant as are the bacterial contaminants. Of tllese latter, "spreading" organisms and rapidly growing enterobacteriaceae are probably the most tiroublesome. Antibiotic-containing media can be tailored for individual situations, but one of the most satisfactory media for routine use with sputum is the one containing penicillin, streptomycin and polymyxin B.
It must be recognized that sputum specimens to be cultured for Actinomyces and Nocardia must be placed in nonantibiotic containing media. The practice of inoculating sputum into thioglycollate broth without inoculating blood agar plates which are anaerobically incubated can only be regarded with misgiving.
In the experiments reported here, a 1-week observation period undoubtedly operated to the disadvantage of the Sabouraud medium. This is most evident in the disparity in sensitivity and isolation results obtained with H. capsulatum. The more rapidly positive results with blood agar, however, must be regarded as a further significant value of this medium.
The pernicious effect of other organisms on the recovery of H. capsulatum (Kuiung, 1942) was not noted in this work. Since suspensions of organisms were prepared in sputum and promptly inoculated onto the test media, the deleterious effect referred to may have been averted. It appeared that the lag time of H. capsulatum on solid media far exceeded that of any of the other organisms studied. This fact further complicates the isolation of this organism from contaminated material containing organisms that grow rapidly within a brief time following inoculation.
It is difficult to equate results reported herein against those that occur in practice in terms of numbers of organisms that must be present in order to obtain a positive culture. It seems significant that the numbers of population units estimated for each inoculum should have agreed so well with the numbers actually isolated. A factor of importance in obtaining reproducible results is the use of a fresh pipette for each stage in the preparation of a dilution series.
SUMMARY
A simple method for estimating unit numbers of a yeast population obtained from solid media has been described. A close relation existed between the estimated and viable populations. Nutrient blood agar was more sensitive than Sabouraud agar in the detection of yeast phase Histoplasma capsulatum in broth suspension. When the mycotic organisms were suspended in sputum, antibiotic agar proved to be a more sensitive qualitative and quantitative agent for the isolation of H. capsulatum, Blastomyces dermatitidis and Cryptococcus neoformans. The significance of the routine use of antibioticcontaining blood-agar media in bacteriological practice has been discussed.
